. Here, we demonstrate (Lee et al., 1995) . Although the inhibitory mechanisms that Twist interacts with the HAT domains and inhibits acetyltransferase activities of p300 and PCAF. In addition, we show that viral oncoprotein E1A mimics the To whom correspondence should be addressed (e-mail: kedes@ hsc.usc.edu).
effects of Twist in inhibiting the HAT activities. These findings provide evidence for a novel and unifying mechanism to explain the effects of viral and cellular proteins on fundamental aspects of cell function through the regulation of acetyltransferases.
Results

Twist Interacts with p300 and PCAF In Vitro and In Vivo
On the basis of functional similarities between E1A and Twist, we first tested whether Twist interacted with p300 in vitro and in vivo. Total cell extracts from C2C12 myotubes were incubated with equal amounts of either GSTTwist, a control GST-E1A, or GST alone. GST-Twist and GST-E1A, but not GST alone, interacted with cellular p300 ( Figure 1A ). To further determine whether this interaction occurs in vivo, we took a cotransfection approach, given a lack of appropriate Twist proteinexpressing cell lines. COS7 cells were transiently transfected either with a vector for myc-tagged Twist (mycTwist) alone (Figure 1B, lane 1) or a combination of the two vectors for myc-Twist and Flag-tagged p300 (lanes 2 and 3). Extracts from the transfected cells were first immunoprecipitated with either anti-Flag M2 antibody (lanes 1 and 2) or an unrelated HA antibody (lane 3). The associated proteins were subjected to Western blot analysis with anti-myc antibody (9E10.2). An intense band corresponding to myc-Twist was readily detected only when Flag-p300 was expressed and immunoprecipitated by the Flag antibody (lane 2), indicating that Twist specifically interacted with p300 in vivo. Since PCAF colocalizes with p300 to form a multiprotein complex (Yang et al., 1996; Puri et al., 1997b), we asked whether PCAF might also be a target of Twist. Using essentially the same strategy, we found that GST-Twist specifically interacted with cellular PCAF, as detected by Western blot analysis using an anti-PCAF antibody ( Figure 1C ). The interaction was further confirmed in vivo by transiently expressing Flag-PCAF and mycTwist. Myc-Twist was detected only when PCAF was coexpressed and immunoprecipitated ( Figure 1D , lane 1). These findings demonstrate that Twist can interact either directly or indirectly with the two histone acetyltransferases p300 and PCAF both in vitro and in vivo. both p300 and PCAF ( Figure 6B ). However, the E1A inhibition was more substrate specific. In fact, whereas Twist caused a general reduction in histone acetylation, domains of Twist, a precise role of the N terminus has E1A selectively inhibited acetylation of H3 and H4. Unlike been undefined (see Figure 2) . p300, PCAF is known to preferentially acetylate H3 and H4 among the four core histones (Yang et al., 1996), and Twist and E1A Inhibit HAT Activities of p300 E1A also inhibited the acetylation of both H3 and H4 by and PCAF In Vitro PCAF. These findings illustrate how E1A mimics Twist by The finding that Twist directly binds the HAT domains inhibiting the HAT activities of p300 and PCAF, although of both p300 and PCAF (Figures 3 and 4) prompted us E1A appears to have additional mechanisms enabling to test the hypothesis that Twist might affect their HAT E1A to distinguish different substrates. activities through these direct interactions with the HAT domains. Affinity-purified p300 and PCAF were able to acetylate histones in the presence of [
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C]acetyl-CoA
Twist and E1A Inhibit HAT Activities In Vivo To study whether Twist and E1A inhibit the acetyltrans-( Figure 6A ). However, such acetylation was completely abrogated upon an addition of Twist. The inhibition was ferases in cells, we transiently transfected cells with expression vectors for Flag-p300 and PCAF together specific to Twist, since it was also observed using a few The bound proteins were analyzed by autoradiography after SDS-PAGE. The bound p300 or PCAF was quantified using a phosphoimager and the results shown using GSTTwist1-206 as a standard (100%) (bottom). ϩϩϩ, 81%-100% of interaction; ϩϩ, 61%-80%; ϩ, 41%-60%; Ϯ, 21%-40%; Ϫ, 0%-20%. N/D, not determined. with vectors for Twist or E1A and monitored the acetylation of p300. When either p300 or PCAF alone was expressed, only a slight p300 autoacetylation was observed (not shown). However, when p300 and PCAF were coexpressed, we observed a robust p300 acetylation that allowed us to study possible inhibitory effects of Twist and E1A on acetyltransferase activities ( Figure  6C ., 1996; Hamamori et al., 1997) . However, Twist also inhibits transcription from the specific activation domains independent of the above mechanisms ( Figure  7A ), and therefore a new mechanism must be involved. We provide here a unifying explanation of the more general and profound effects exerted by Twist on multiple and critical cellular functions such as cell differentiation and proliferation. Here, we demonstrate that the cellular transcription factor Twist directly binds p300 and PCAF acetyltransferases using its N terminus, whose function has been so far undetermined. The binding of Twist to the coactivators is directed to the HAT domains of both p300 and PCAF and results in the inhibition of their acetyltransferase activities. These HATs belong to a large N-acetyltransferase superfamily whose members share several conserved motifs ( 
